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In prostate speciﬁc antigen (PSA) -based prostate cancer mass screening, the optimal re-screening
interval is still in question, although guidelines suggest that a prolonged interval would be safe and cost-
saving. We examined the socioeconomic feasibility of prolonged re-screening interval based on individual
baseline PSA values. Markov decision-analytic models of prostate cancer screening were established for
cost-effectiveness comparison of prolonged re-screening in men with low (≦1 ng/ml) PSA level (meta-
interval strategy) and annual re-screening in every participant (control strategy). Effectiveness and
socioeconomic feasibility were evaluated according to quality-adjusted life years (QALYs) and incremental
cost-effectiveness ratio (ICER ; Δcost per ΔQALY), respectively. As a result, outcomes including cancer
detection rates and stage shift suggested that these models well recapitulated actual prostate cancer mass
screening. The meta-interval strategy was more cost-effective than the control strategy. The ICER for the
control strategy with respect to the meta-interval strategy exceeded US$62, 000/QALY through the
sensitivity analyses for every assumption. The meta-interval strategy was more effective and less expensive if
the trade-off of impaired clinical outcomes caused by delayed detection was small. In conclusion, our
models suggest that the meta-interval strategy is more cost-effective than annual screening. It can be even
more effective if the interval is determined appropriately such that cancer can be detected within the
therapeutic window.
(Hinyokika Kiyo 59 : 159-166, 2013)
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版11)）には Ito らの報告12,13)を根拠に ｢PSA 値≦1
ng/ml の男性に関しては 3年ごとのスクリーニングが




略に対して，この ｢PSA 値≦ 1 ng/ml の男性に関して
は 3年ごとのスクリーニング」という検診戦略の社会
経済学的妥当性を数理モデルの 1 つである Markov
decision-analytic model を用いて検証した．
対 象 と 方 法
初回 PSA 値が≦ 1 ng/ml の男性の再検診間隔を 3
年とする (1∼4 ng/ml の男性に関しては毎年）検診法
（条件付き 3年毎検診戦略）と初回 PSA 値に関係なく
すべての PSA 陰性男性を毎年再検診する検診法（毎
泌59,03,03-1
Fig. 1. A : Schematic design showing relationship of each Markov status. OCD :
Organ-conﬁned disease, ECD : Extracapsular disease, MD : Metastatic
disease. B : Excerpt of scheme for men with baseline PSA level 0.0-1.0
ng/ml in the meta-interval strategy. Note that trade-off risks are higher






ン PSA によって分類される．大部分の個人は 1年後











(OCD，c T1-2 N0M0），局 所 進 行 癌 (ECD，c T3-4
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る．Markov モデルの各状態には QOL utility と費用を
割り当てた．効果の指標として QOL utility に生存期
間を乗じて得られる QALYs (quality-adjusted life years)
を用いた． 2つの検診戦略のいずれかを選択すべきか
に関しては費用対効果に加えて，増分費用対効果





ness to pay ; WTP) の範囲内で効果をあげることが可
能であればそちらを選択するべきであるという考え方





Table 1. Assumption of clinical variables used in the base case model
Variables Value Reference
Cancer detection rate on biopsy 0.250 Thompson, et al.
25)
Andriole, et al.1)
Proportion of disease stage Andriole, et al.1)
Organ-conﬁned disease (OCD) 0.900 Kubota, et al.26)
Extracapsular disease (ECD) 0.070
Metastatic disease (MD) 0.030
Biopsy rate in men with PSA≥4.0 ng/ml 0.600 Schroder, et al.
2)
Andriole, et al.1)
Recurrence rate in OCD 0.050 Hull, et al.27)
Recurrence rate in ECD 0.500 D’Amico, et al.28)
Mean prognosis in MD (years) 4
Cost (US$) Hummel, et al.29)
PSA test 20 Krahn, et al.30)
Biopsy 250
Treatment of OCD 20,000
Treatment of ECD 50,000
Treatment of MD 45,000
Other cause of death 0
Quality of life utility Hummel, et al.29)
Curable disease 0.9 Krahn, et al.31)
Metastatic disease 0.5
Recurrent disease 0.7
Table 2. Probabilities of PSA elevation to ≥4.0 ng/ml at a year after negative PSA results (Ito, et al.12))
Baseline PSA
Age range of participants (years)
50-59 60-69 70-
0.0-1.0 ng/ml 0.001 (0.0005, 0.002, 0.004) 0.002 (0.001, 0.003, 0.008) 0.002 (0.001, 0.003, 0.008)
1.1-2.0 ng/ml 0.002 (0.0001, 0.003, 0.008) 0.01 (0.005, 0.02, 0.03) 0.004 (0.002, 0.006, 0.012)
2.1-3.0 ng/ml 0.017 (0.01, 0.025, 0.03) 0.041 (0.02, 0.05, 0.06) 0.022 (0.01, 0.03, 0.04)
3.1-4.0 ng/ml 0.316 (0.25, 0.35, 0.40) 0.250 (0.20, 0.30, 0.35) 0.306 (0.25, 0.35, 0.40)
Numbers in parentheses represent low, intermediate and high values for sensitivity analysis, respectively.









分析は社会的な立場 (societal perspective) から行っ
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Fig. 2. A-C : Cumulative overall cancer (A), Extracapsular disease (ECD) (B) and Metastatic disease (MD) (C)
detection for both screening strategies throughout the study period of 30 rounds. Note that there is a
rightward shift representing lead time for cancer diagnosis in the meta-interval strategy. D : Cost-
effectiveness analysis showed that meta-interval strategy (white square) is more cost-effective than annual
screening strategy (black square) and that the ICER for annual screening strategy from meta-interval
strategy (ΔCost/ΔEffectiveness) is very high. E : One-way sensitivity analyses revealed the high ICER of
the control strategy in relation to the meta-interval strategy, as a function of assumed parameters in the
model. OCD : Organ-conﬁned disease, ECD : Extracapsular disease, MD : Metastatic disease, ICER :
Incremental cost-effectiveness ratio, QALY : Quality-adjusted life years.
わずかながら高く（2.57対2.53％）となる一方，局所
進行癌（0.20対0.21％，Fig. 2B) および転移癌（0.08




略に対する毎年検診戦略の ICER は $984,756/QALY
と，一般的に許容可能とされている支払意志額の
$62,000/QALY15) を大きく超えていた (Fig. 2D）．
各種の入力変数を変更して費用対効果および ICER





癒癌および再発癌症例の QOL utility，PSA 検査コス
ト，費用および効果の割引率などが ICER に与える影
響が比較的大きかった．
また，Table 3 に示すように条件付き 3年毎検診に
おいて発生しうる interval cancer（検診のない年に発
生した癌）における進行癌検出率の上昇 (Table 3 中
の“Increase in ECD rate”) や，治療後の再発率（同
“Increase in recurrence rate”），転移癌の生命予後低下















本研究では PSA 検診における条件付き 3年毎検診
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Table 3. Results of sensitivity analysis (1)
Assumptions ICER(US$/QALY)





















ICER : Incremental cost-effectiveness ratio. Values in bold
characters are those assumed in the base case analysis.
Table 4. Results of sensitivity analysis (2)
OCD rate ECD rate Increase in recurrencerate in OCD
Increase in recurrence
rate in ECD Change in prognosis in MD
ICER
(US$/QALY)
1.00 1.00 1.00 1.00 1.000 Dominated
0.98 1.15 1.05 1.10 0.900 Dominated
0.97 1.20 1.10 1.20 0.850 Dominated
0.96 1.25 1.15 1.30 0.800 2,162,143
0.95 1.30 1.20 1.40 0.750 984,756
0.80 1.60 1.40 1.80 0.500 130,266





Life and mortality tables by country ICER(US$/QALY)






ICER : Incremental cost-effectiveness ratio. Values in bold characters are those assumed in the base case analysis.
と毎年検診の費用対効果を Markov decision-analytic
model (Markov モデル）を用いて検討した．文献上，
PSA 検診の最適な間隔に関して Carter ら16)は初回血
清 PSA 値 ≦2 ng/ml の男性の検診間隔を 2年ごとに
しても毎年検診と比較して根治可能な癌の発見率は低
下しないと主張している．また，The European Ran-








悪性度の高い interval cancer のリスクが増加すること







では，どのようにして interval cancer のリスク個別
化を行うのが妥当であろうか？ Ito ら12)は群馬県にお
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ける PSA 検診データの詳細な解析により，初回 PSA
値（ベースライン PSA 値）≦4 ng/ml の男性が翌年以






値 ≦1 ng/ml の男性に関しては 3年ごとのスクリーニ
ングが推奨されうる」あるいは ｢PSA 基礎値が 0.0∼






















半数以上を占める12) PSA 値 ≦1 ng/ml の男性の毎年
検診を回避することによって個人あたりに換算して














































本モデルではベースライン PSA 値がいったん 4 ng/
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ERSPC のデータを基にしたシミュレーションによ
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